locations: Umande and Muhonia. Qualitative datacollection methods included transect drives, informal and key informant interviews, and focus-group discussions. A content analysis of local perceptions of climatic variability was completed using ATLASti, followed by an interpretation of the results. Smallholders' climatic perceptions are measured seasonally and yearly, and are linked to observable occurrences of climatic variables, which smallholders apply to their management of agriculture and natural resources. Perceptions are similar in both sites and include reports of erratic rainfalls (locally referred to as majimbo), droughts, degradation of resources, animal and crop diseases, and a prevalence of pests. Notable differences in adaptations used by farmers exist between the two sites. Basic infrastructural inadequacies in both sites limit smallholders from adapting. We conclude that local knowledge is critical and enables smallholders to grasp and act upon microclimate variability and is therefore a source of relevant adaptation practices. Policy-makers are recommended to do ex-ante analysis of their policies and farmer needs, and tailor the policies to enhance adaptation at the farm level.
Introduction
In Kenya, agriculture contributes about 25 percent of the gross domestic product (Republic of Kenya [ROK], 2001 [ROK], , 2007 . However, agricultural production is under considerable pressure due to climate variability and change (Aubert, 2007; Downing, Ringius, Hulme, & Waughray, 1997; Kurukulasuriya & Mendelsohn, 2008; Lambrou & Nelson, 2010; Mortimore & Manvell, 2006; ROK, 2010) . Climate variability refers to deviations in the mean state of the climate, e.g., the occurrence of wind and precipitation, extremes and inconsistencies, in all temporal and spatial scales beyond that of individual weather events, including short-term fluctuations that happen from year to year (Lambrou & Piana, 2006; Ziervogel, Nyong, Osman, Conde, Cortés, & Downing, 2006) . Climate change can be defined as "alterations in the state of the climate that can be identified by fluctuations in the mean and/or variability of its properties that persist for an extended period, typically decades or longer, whether due to natural variability or because of human activity" (Intergovernmental Panel on Climate Change [IPCC], 2007a, p. 30) . Climatic changes reduce agricultural productivity, which has direct consequences for rural livelihoods (Adger et al., 2007; Bryan, Deressa, Gbetibouo, & Ringler, 2009) .
Kenya has developed a National Climate Change Response Strategy (NCCRS) to tackle climate change, but it lacks a national adaptation program (Government of Kenya [GOK], 2010) . Additionally, the NCCRS is neither thorough nor consistent in its stance on how smallholder farmers' views and plight will be integrated into national policies concerning climate change. This represents a paradox since the document identifies smallholders as the group that will be most affected by climate change. Yet there is evidence that climate change will affect most economic activities of the nation (GOK, 2010; Kotir, 2011) . Developing countries, including Kenya, will be affected by consequences resulting from climate variability and change (Adger et al., 2007; Bunce, Rosendo, & Brown, 2010; IPCC, 2007a; Kurukulasuriya & Mendelsohn, 2008; Lambrou & Nelson, 2010) . One of the reasons why Kenya will feel the consequences strongly is due to the limited adaptation capacities in prevailing smallholder agriculture (GOK, 2010) . Indeed, smallholders' efforts toward natural resource management are hampered by a lack of access to credit, land, and information, making them more vulnerable to climate variability (Marenya & Barrett, 2007) . At the national level, a study by Eriksen and Lind (2009) report that economic and political structures and processes limited the local adaptive capacity to droughts through unequal allocation of resources across the regions of Kenya. Another study in South Africa and Ethiopia shows that adaptation of smallholders' agriculture was hampered by a lack of access to credit, land, and information, making farmers more vulnerable to climatic variability (Bryan et al., 2009) . Additionally, rainfall unpredictability and unreliability and droughts in East Africa are expected to make farmers more vulnerable to other ecological, economic, and social shocks (Archer et al., 2010; Munang & Nkem, 2011) .
Model forecasts have been proposed to help farmers adapt to the problems associated with climatic variability and change (Alexandrov, 1999; Centella, Gutiérrez, Limia, & Jaspe, 1999; Mearns, Rosenzweig, & Goldberg, 1997; Mkanda, 1999; Moise & Hudson, 2008; Motha, 2007) . Quite a few details have been discussed in these and other studies with respect to farmers' perceptions and how farmers apply these perceptions in agriculture. Although some of the models in use are relevant to Kenya, the underlying data used to generate forecasts are often highly aggregated and face the challenge of being imperfect representations of reality. As different scientists build these models, these imperfect representations are likely to differ substantially (Ericksen, Thornton, Notenbaert, Cramer, Jones, & Herrero, 2011) . This has led to limited model use and application by farmers (Cabrera, Breuer, & Hildebrand, 2006; Ziervogel, Cartwright, Tas, Adejuwon, Zermoglio, Shale, & Smith, 2008) as climate variability patterns are highly location-specific and may vary within short distances. The smallholders' perceptions often take note of local variations in climate. Therefore, while we appreciate the usefulness of models for visualizing potential future outcomes and pathways as well as for evaluating options for potential adaptation to climate change, models do not adequately address and represent smallholder perceptions (Crane, 2010; Crane, Roncoli, & Hoogenboom, 2011) . Farmers often use their practical knowledge in agriculture to make informed decisions on how to respond to climatic variability (Eigenauer, 2004) . Local perceptions are therefore important in generating locally applicable climate forecasts.
The concurrent rise of decentralized governance and participatory research on agriculture and natural-resource management signifies a shift where local people's perspectives on natural resource management must be taken seriously in policy development and governance (Crane, 2010) . From debates in the literature on local knowledge and climate change, adaptation has been poorly represented. Even though farmers have used their local knowledge widely, it has often failed to find its way into agricultural policy (Newsham & Thomas, 2009 . Some authors have documented local knowledge as practical (Mackinson & Nøttestad, 1998; Newsham & Thomas, 2011) . Mackinson and Nøttestad (1998) identify significant gaps between local knowledge and scientific knowledge, and they propose combining local knowledge and scientific knowledge to build a more complete understanding of climate change and variability from both perspectives. We argue that local knowledge is critical to developing feasible policies for agricultural development in times of climate change and climate variability.
Local perceptions can be instrumental in assessing microclimatic variations and ascertaining which adaptation strategies are most suitable for specific localities (Archer et al., 2010; Ogalleh, Vogl, Eitzinger, & Hauser, 2012) . For example, in Burkina Faso the corroboration of meteorological rainfall data with local farmers' perceptions of drought led to the incorporation of perceptions into agricultural drought-mitigation adaptations, resulting in the increased adaptive capacities of farmers to drought (West, Roncoli, & Ouattara, 2008) . In India, communities and researchers cooperatively and successfully integrated local meteorological assessments and predictions, based on traditional beliefs and indicators in the sky (Kanani & Pastakia, 1999) . Viability of risk mapping was tested through examination of local perceptions among Tanzanian farmers (Quinn, Huby, Kiwasila, & Lovett, 2003) . Local perceptions were used to clarify climate variability and reasons surrounding farmers' adoption of agricultural techniques to reduce dependence on rainfall (Barbier, Yacouba, Karambiri, Zoromé, & Somé, 2009 ). Many authors have reported positive results from the use of local perceptions on climate change in developing and shaping adaptation strategies (Block & Webb, 2001; Brondizio & Moran, 2008; Bunce et al., 2010; Cabrera et al., 2006; Newsham & Thomas, 2011; Ogalleh et al., 2012; Speranza, 2010; ) . Here, we add a Kenyan case and propose how local knowledge and scientific knowledge can work together for climate change adaptation. There is empirical evidence, however, that undermines farmers' perceptions of long-term variability. For example, the study by Rao, Ndegwa, Kizito, and Oyoo, (2011) in Kenya demonstrated that farmers' perceptions did not corroborate with observed trends in rainfall, resulted in caution towards a careful interpretation of farmers' perceptions. Our main interest here is to understand perceptions and forecast their implications for smallholder agriculture. Perceptions can be beneficial for smallholders, whose understanding and application could be limited by sophisticated quantitative model outputs presented by climate-based models, which are often used for planning and decisionmaking at the national level (Crane, 2010; Ziervogel et al., 2008) .
There are two research questions and associated subquestions that guide this paper: (1) Which local perceptions of smallholders on variability affecting agriculture exist: (a) what variables do smallholders recognize; (b) to which agricultural activities and natural resources do they apply their variables; and (c) how do they measure these variables; and (2) How do smallholders use their perceptions on climate variability to design adaptation measures? Addressing these research questions will contribute to a better understanding of how perceptions of climate variability can inform adaptation policy in agriculture, both locally and nationally.
Research Methods

General Overview of the Study Area
We conducted this study in the sublocations of Umande and Muhonia, located in Kenya's Laikipia district (figure 1). Laikipia has a total area of 9,229 square km (3,563 sq. miles) (ROK, 2008) and lies between 1,600 and 2,300 meters (5,250 to 7,550 feet) above sea level northwest of Mt. Kenya (Wiesmann, 1998) . Both areas have a semi-arid climate (Wiesmann, 1998) , making them ecologically fragile and susceptible to frequent droughts (ROK, 2001) . We chose the district as a study site because (1) reports on the area are available; and (2) studies focusing on climate change perceptions have not recently been done in the area. Previous studies done in the region have dwelt on water resources use, water management, and conflicts (Liniger et al., 2005; Notter, MacMillan, Viviroli, Weingartner, & Liniger, 2007; Wiesmann, Gichuki, Kiteme, Liniger, 2000) . Thus, the focus on climate change and perceptions is valid.
The population of the entire district stands at 322,187, with a density of 35 people per km 2 (91 people per mile 2 ) (ROK, 2008) . Umande is approximately 20 km (12 miles) away from administrative town of Nanyuki, while Muhonia is roughly 70 km (43 miles) away. Smallholders from both sublocations have migrated from the central, densely populated highlands in search of land for agriculture and grazing land for livestock (Wiesmann, 1998) .
General Research Approach
The study focused on farmers with less than 10 acres (4.0 ha) of land. With small land holdings, Journal of Agriculture, Food Systems, and Community Development ISSN: 2152-0801 online www.AgDevJournal.com farmers have limited scope for diversifying crops in the face of climate variability (Lambrou & Nelson, 2010) . We use the term "perceptions" to include recognition and interpretation of climate variables (e.g., rainfall, temperature, frost), and application of climate variables on resources such as crops, livestock, forests, rivers. We also include recognition of droughts and deforestation that force smallholders to adjust their farming as a response to climate variability.
Data was collected using qualitative research methods (Silverman, 2005) . These included transect drives complemented by participant observations, informal interviews, focus-group discussions, and interviews with key informants. Such a mixedmethod approach has already been applied in developing countries for various studies, including the assessment of human perceptions on vulnerability and resilience to climate change and multiple stressors of climate change and local knowledge (Barbier et al., 2009; Bunce et al., 2010; Crane, 2010; Newsham & Thomas, 2011) . The time frame considered (between 20 to 40 years of settlement) is suitable to account for changes with regards to climate variability (Hageback, Sundberg, Ostwald, Chen, Yun, & Knutsson, 2005) . We collected data between October 2010 and January 2011.
The language used for interviews and discussions was Kiswahili 1 (spoken fluently by the first author), but where respondents preferred to converse in Kikuyu (the predominant local language in central Kenya), a local member of the village served as an interpreter with prior training by the first author. Interviews and discussions were recorded and saved as audio documents on a computer and external hard drive for later transcription. A second translator was consulted during transcribing in order to match the translations in Kikuyu and English.
Data Collection
We carried out informal interviews with purposively selected farmers as open-ended conversations on perceptions of climate change in both subloca-tions to help the researchers become familiar with the study surroundings. Owing to the large area of the two sublocations, we used a vehicle to do two transect drives in both sublocations to get an overview of the livestock and agronomic practices in the area. We jotted insights gained down in a notebook for subsequent analysis and then interpretation. The information gathered helped to triangulate information given by smallholders and provided the basis for developing a question checklist for focus-group discussions (FGDs) and key-informant interviews.
We conducted four separate FGDs with farmers in each sublocation. Participants were purposefully selected based on sublocation, time of settlement (≥20 years), as well as their knowledge and experience in agriculture. FGDs were conducted as open discussions among participants (Cabrera et al., 2006; Silverman, 2004) , providing room for communicative processes such as storytelling, arguments, challenges, and disagreement among participants that allowed them to react and build on responses of other participants. Topics of local perceptions and climate variability were introduced to the farmers for discussions. The number of participants per session ranged from six to 12 (Macchi, 2011) .
Focus-group discussants helped to identify appropriate key informants, who were selected based on sublocation, age, years of settlement (≥20 years), experience in agriculture, and knowledge of local climate. A checklist of questions guided the interviews with a purposeful sample of 36 individual smallholders (18 from each sublocation), two agricultural extension officers, and one veterinary officer. The duration of each interview depended on the respondent and ranged from half an hour to one and a half hours.
Data Analysis
All interviews and FGDs were transcribed using Express Scribe software and imported into the program ATLAS-ti for qualitative analysis (Muhr & Friese, 2004) . The first author subjected 48 primary documents to content analysis based on ATLAS-ti, including all the informal interviews, FGDs, and key-informants interviews. Ex-situ coding was conducted. We categorized perceptions into three coding system: 1. Climatic variables, including rainfall, sun, and frost, that were later assigned to "families." 2. Applicability of climate variables on agriculture and natural resources, including droughts, crop losses, livestock losses, and migration. 3. Ways of measuring variables, including new and prevalent crop pests and diseases, and livestock pests and diseases.
Coding for the second research question was based on the use of perceptions to adapt agricultural practices to climatic variability, as well as propositions for future adaptations.
Results
The following results demonstrate the perceptions of climatic variables, their measurement, and the adaptations that follow in respondents farms. Women discussants perceived that men were migrating to other areas due to the droughts in order to preserve their livelihoods. Both sites reported cases of migration, but Muhonia had more cases than Umande. There are two reasons to explain this difference: (1) proximity to water sources, and (2) proximity to the administrative town of Nanyuki. Firstly, Umande respondents have easy access to the Sirimon and Timau rivers that flow near their homes; Muhonia respondents lack access to the seasonal Karemeno and Ngobit rivers that flow far from the farmers' homes. Secondly, Umande farmers' nearness to the administrative town of Nanyuki provides an easy opportunity for those interested in making a daily commute to seek off-farm jobs, an opportunity that is not available to Muhonia farmers. The types of jobs that migrants are engaged in include shortterm jobs in other towns adjacent to the sublocations, mostly agriculture-related farm work.
Climatic Variables
Migrants engaging in agricultural activities on other farms are paid between Kshs. 100 and 150 (equivalent to USD1.25-2.00 based on 2011 rates) for eight hours of work. In Umande, farmers who commuted to Nanyuki would be paid between Kshs. 200 and 300 (equivalent to USD2.50-3.50) for eight hours of work. Smallholders report a decrease in off-farm job opportunities in drought seasons, as there are only a few agriculture-based work opportunities, which increases the competition for available jobs. The high supply of jobseekers together with the low demand for labor during droughts could be the cause of the varying labor wages of between Kshs. 100 and 150 per day on farms.
Measurement of Perception Variables
Interviewees perceive reduced rainfall, frosts, hailstorms, temperature increases, and persistent droughts as cases of climate variability. Measures cited by interviewees focus on new diseases and the prevalence of increased occurrences of diseases. Relating to crop pests and diseases, interviewees report an increase in both livestock and crop diseases because of climatic changes.
The narratives below show the crop pests and diseases identified by interviewees:
Maize never had any diseases, but now maize is attacked by diseases such as aphids and leaf rust. Leaf rust occurs when we have a lot of heat; head smut 7 (ndutu 8 ) disease of maize, we suspect head smut came from bad seeds and increasing temperatures. Earlier, beans required no pesticides; now, you will not harvest beans without using pesticides. Interviewees link climatic variables to their crops and livestock. The measurements of climatic variables of rainfalls, temperature increase, and droughts are in the form of observable spread of diseases. Differences in the distribution of diseases in the two sites can be seen. Umande reports millipedes, leaf rust, and head smut. Muhonia reports millipedes, leaf rust, and head smut as well as rats and the heartwater disease in livestock. The difference could lie in Umande's proximity to the town of Nanyuki. Umande respondents could easily access pesticides and medication from agrovet 10 shops. Muhonia may have limited access to these services because of their distance from Nanyuki. From participant observation, there was one agrovet shop in Umande, whereas Muhonia had no such shop.
Farmer Adaptations and Preferred Adaptation Strategies
Farmers use their climate variability knowledge to choose and design their adaptation strategies, as highlighted in the following statements:
Because of the rains, we plant maize, beans and potatoes, we mix long-and short-season crops. When we have long rains, we harvest the long-season varieties and short-season varieties with little rains. (Participant of FGD 1 Umande)
In addition to the long-and short-season crops, additional adaptations linked to rainfall variability included making small water basins around crops to preserve water for the crops.
Respondents have adapted to climatic variables through mixing and intercropping of both shortand long-series crops to maximize any available rains. Most farmers grew both long-and shortseason crops. For example, they planted the sixseries 11 maize seeds varieties (614, 625, 628) and five-series 12 (511, 512, 513, DHO4) when they settled in the area and are still doing the same after 20 to 40 years of settlement. Intercropping of the long-series and short-series hybrids is done in response to rainfall unreliability. Umande respondents report the use of pesticides to control pests and diseases in crops. Making small basins around every crop was more prominent in Umande than in Muhonia.
Other adaptations identified included early planting to maximize on any little rains. However, some farmers opted for late planting citing various reasons, as shown in the statement below: Some farmers plant early and then the rains come in little amounts and the seeds get destroyed in the soils. I plant later when I think rains are plenty and this means at least three consecutive days of raining. (Key informant 3 Muhonia) From these narratives, we deduce that interviewees adapt based on their perceptions.
In Umande, due to their access to river water, farmers temporarily migrated to riverbanks to cultivate, where only commercial crops such as tomatoes, snow peas, and cabbages are grown. Muhonia farmers would have opted to migrate to riverbanks, but the enormous distances to the Karemeno and Ngobit Rivers are a discouragement.
Discussants and informants from both sublocations identify water as a primary solution to adapt to climate variability and change. In this case, dam construction on rivers was proposed as a way to mitigate water scarcity during drought seasons. An additional proposition from a respondent in a FGD was as follows:
If the government brings us water, we can tap it to our homes and irrigate crops. (Participant of FGD 3 Muhonia) Interviewees identify water as the main problem and propose the construction of water pans on individual farms and big dams to supply water during dry seasons. The interviewees emphasize that the government should provide water for domestic and agriculture. We deduce a lack of basic infrastructural services for the provision of water. Discussants revealed that Muhonia residents depended on the currently nonfunctioning Mutitu water project for their supply of water in former times. In Umande, participants currently depend on the functioning Muoroga water project for their supply of domestic water, although the amount is rationed. A number of farmers in Umande constructed small water pans to store the rationed water for later use. Only two farmers in Muhonia had water pans.
Discussions
Local Perceptions
Farmers use occurrences in their environments to deduce climate-related phenomena (Jones, Hansen, Royce, & Messina, 2000; Ogalleh et al., 2012; Vedwan & Rhoades, 2001; Winarto, Stigter, Anantasari, Prahara, & Kristiyanto, 2010) . The interviewees have a baseline reference point for perceptions: the period from earlier settlements to the present time. Climate variables are measured through observation of yearly rainfall seasons, rainfall amounts, and scorching sun. Similar findings have been reported in India (Kanani & Pastakia, 1999) . Our findings are similar to the case of farmers along marginal African coasts and the Limpopo basin who perceived temperature rise, breaks in rainy seasons, and erratic rainfalls as stressors on livelihood (Gbetibouo, 2009; Howden, Soussana, Tubiello, Chhetri, Dunlop, & Meinke, 2007; Meinke, Howden, Struik, Nelson, Rodriguez, & Chapman, 2009 ; United Nations Development Program [UNDP], 2007). Interviewees repeatedly state that rainfall patterns and amounts are key indicators of climatic variability because of crop yields and livestock production that are dependent on rainfall. These findings are consistent with Berger (1989) ; Haile (2005) ; Lobell and Burke (2008); and Mortimore (1989) in Laikipia, Ethiopia, Africa and West Africa, respectively. Interviewees' knowledge of rainfall patterns conform to findings reported by Berger (1989) and Kilavi (2010) , where long rains come annually from March 1 to June 15 and short rains from September 16 to December 31. Interviewees additionally noted that the rainfall patterns and seasons no longer apply and claim that seasons have shifted to later dates after April of every year, findings that concur with the meteorological predictions for Laikipia district in the year 2011, where "depressed and delayed rainfalls" (ROK, 2011, p. 25) were reported. Additionally, our results demonstrate respondents' abilities to predict rain occurrences through observation of changes in the wind direction. Our findings on wind collaborate with studies done in Tigray, Ethiopia (Mengistu, 2011) . The emphasis placed on rainfall in both sublocations points to the need for policy on adaptation to focus on interventions that will increase water availability for agriculture.
Majimbo, constantly mentioned by respondents, bears double meaning. First, it describes the erratic rainfalls experienced within each sublocation, in comparison to other areas in Kenya. Interviewees depict differences between their sublocations and other parts of Kenya, associated with El Niño occurrences that did not occur historically in their sublocations. We interpret further that farmers have additional networks that inform their perceptions beyond their subjective observations. Secondly, the use of the term majimbo in both sites implies differences in precipitation between and within sublocations. Majimbo could also mean an area that is "disadvantaged" due to climate variability compared to the other regions of Kenya, which we equate to the political concept of decentralization. This may imply that climatic variability solutions aiming at smallholders should be decentralized. Majimbo can also be interpreted in terms of an allocation of resources that could increase or limit which adaptations interviewees take to counteract climatic variability. Our interpretation is comparable to insights and conclusions by Eriksen and Lind (2009) , that the unequal allocation of resources have effects on adaptation capacities of pastoralists and smallholders in the Kitui and Turkana districts of Kenya. When focusing on perceptions, Umande and Muhonia respondents have proved that climate variability patterns are highly location-specific and vary within short distances, and that overall predictions of climate may not necessarily produce benefits for these interviewees. Therefore, the notion that the ability to better predict climate will automatically produce benefits for diverse user groups (Messina, Hansen, & Hall, 1999 ) is refuted by our findings. In addition, focusing on local perceptions is rewarding because local knowledge is one way that farmers respond to the complexities of nature, and if ignored, then local people's knowledge of this complexity of their environment is lost. Because interviewees use their local knowledge to grasp and act upon microclimate variability, local knowledge can be a source of relevant agricultural practices.
Interviewees incur major losses in crops and livestock because of climatic variability. Droughts are a potential risk and source of losses in agricultural production (Ericksen et al., 2011; UNDP, 2007; World Bank, 2007) . An increase in the frequency of droughts in the region leads to decreased agricultural production and, in the worst-case scenario, can force marginal agriculture out of production (Conway, 2009; IPCC, 2007b; Kotir, 2011; Mude, Ouma, van de Steeg, Kariuki, Opiyo, & Tipilda, 2007) . Frequent droughts could mean severe challenges for Umande and Muhonia in the future. It is urgent that we use interviewees' knowledge to address the problem of droughts because (1) drought perceptions mirror interviewees' needs for specific policy and planning for interventions that enhance local agriculture; and (2) with or without droughts, agriculture constitutes the main source of livelihood for these interviewees.
Temporal migration transforms drought risks to opportunities in the form of employment elsewhere (Paavola, 2008; Smucker & Wisner, 2008) . Our results agree with those of farmers in Tharaka Nithi (Kenya) and Morogoro (Tanzania), where migration and employment reduced farmers' drought risks (Paavola, 2008; Smucker & Wisner, 2008) . However, there are differences in remuneration for off-farm activity in both sublocations: Umande is advantaged in getting higher wages because of its proximity to Nanyuki town, while Muhonia is more isolated and interviewees cannot access Nanyuki regularly. Proximity to urban centers increases benefits to rural communities, such as in the case of the lowlands of West Africa (Erenstein, 2006) and Nepal (Ghimire, Shivakoti, & Perret, 2010) . Highly vulnerable farmers had limited access to market centers and low employment diversification. Agricultural farm wages constitute a major source of off-farm employment (Ghimire et al., 2010) . Interviewees' labor wages of less than two dollars is insufficient to fulfill the basic daily needs considering soaring food prices in 2008, and recently in 2011, making it even more difficult for households to fulfill their basic needs (Munang & Nkem, 2011) . We consider the migration of men during droughts a disadvantageous off-farm activity that may increase households' vulnerability to drought, when there are hardly any rains and fewer paid agricultural opportunities (Winarto, Stigter, Prahara, Anantasari, & Kristiyanto, 2011) . Our argument underline conclusions of Mendelsohn, Basist, Kurukulasuriya, and Dinar (2007) that climate change will worsen and lower the incomes and opportunities of the most vulnerable populations.
Agricultural and natural resources (forests, rivers, land) represent important linkages to interviewees' perceptions. Umande and Muhonia respondents base their observations on a comparative reference point: their observations from when they settled and what is currently happening. The applicability of perceptions happens in terms of subjective observations of volumes in rivers, which are conducted randomly based on rainfall patterns and seasons. Interviewees use their observations to determine how much water will be available for their use during the year. This knowledge is what farmers use for decision making in their agricultural practice, and therefore scientists can use this knowledge to understand farmers' decision-making processes and applicability of adaptations in order to support appropriate adaptations befitting the local communities.
Interviewees know of the cause-and-effect relationship linked to frost and its effects on trees and crops. In these relationships, they acknowledge the value of trees in shielding their crops from frost. The narratives showed that interviewees' respective sublocations had been deforested, consequently reducing the number of trees in comparison to when they settled. Poor families aim to meet their short-term needs by harvesting the local natural resources, e.g., cutting trees for firewood and charcoal and depleting soil nutrients. Similar results were reported in the Sudano-Sahelian zone (Wardell, Reenberg, & Tøttrup, 2003) . Cutting down trees results in deforestation, which contributes to greenhouse gas (GHG) formation. GHGs lead to global warming, and global warming leads to increased droughts and less rainfall, among other impacts of climate change (Conway, 2009) . The applicability of variables on agriculture and natural resources in Umande and Muhonia is a relevant indicator of the need for policies that aim to mitigate climate change by, for example, reducing deforestation and increasing tree cover.
Interviewees attributed the growths in pests to temperature increases. However, interviewees are not able to distinguish between diseases and pests. Based on their subjective measurements relying on previous and current observations, interviewees measure diseases and pests in terms of prevalence and identify cause-and-effect relationships based on their observations of livestock and crop losses. Increased ticks resulted in more widespread disease and emergence of diseases not witnessed before. Interviewees' sentiments on emerging new diseases can be related to insights that diseases carried by insects and other vectors could be susceptible to the effects of climate variability and change (Conway, 2009) . Under climate change, pests associated with specific crops may become more active (IPCC, 1995) . Increasing temperatures and decreasing water availability due to climate change will increase the burden of some diseases that will affect livestock and crops (IPCC, 2007a) . Our findings corroborate the cases of farmers in the Sahel region (Mertz, Mbow, Reenberg, & Diouf, 2009) . Warmer temperatures speed up development rates of some insect species, resulting in a shorter time span between generations (IPCC, 1995) . Some insect populations may become established and thrive earlier in the growing season, during more vulnerable crop stages. Reports by interviewees of increases in pests and rodents corroborate the IPCC reports (IPCC, 2001 (IPCC, , 2007a . The heartwater disease in livestock is the most or second-most important tick-borne disease in Africa and has economic significance (Provost & Bezuidenhout, 1987) . Interviewees use pesticides to curb the increasing prevalence of diseases and pests. We consider pesticide use an adaptation. However, interviewees' competition with pests over their crops and livestock may lead to the possibility of zoonotic diseases, and requires further research to explore the practicability of perceptions and pests and disease control in livestock and crops.
Interviewees' Adaptations
Agriculture is sensitive to weather-and climaterelated phenomena (Molua, 2002; Mude et al., 2007) . Perceptions are what inform the adaptations made by interviewees. Interviewees opt to plant early in order to take advantage of little rain, while others wait for it to rain for a couple of days before they commence their plantings. Intercropping is an important adaptation for interviewees where longseries and short-series crops dominate their land. They also integrate livestock-keeping. Our findings concur with those of Nepalese farmers (Ghimire et al., 2010) and studies from 10 African countries from West Africa (Niger, Burkina Faso, Senegal and Ghana); from Central Africa (Cameroon); from East Africa (Kenya and Ethiopia); from Southern Africa (South Africa and Zambia) and from North Africa (Egypt) (Seo, 2010) where integrated farms increased in comparison to crop farming only under climate predictions for 2060. In addition, the simultaneous use of various hybrids on interviewees' farms is considered an adaptation. In this case, the long-series and short-series varieties help to strengthen resilience to impacts associated with erratic rainfall, with the potential for increased harvesting during wetter seasons. In one way, our findings concur with Newsham and Thomas (2011) , who reported that early-maturing crops in Namibia strengthened resilience against drier conditions. In addition to the early-maturing (short-season) crops, Muhonia and Umande farmers cultivate long-series (late-maturing) crops at the same time in order to take advantage of rains. Umande interviewees -in contrast to those in Muhonia -used water pans to store water for drought seasons. Based on perceptions, adaptations, and propositions, we interpret that adaptations are no longer "one size fits it all." Smallholder agriculture requires that specific needs and resources are tailored to interviewees' perceptions, since adaptations that work well in other parts of the country will not necessarily suit the interviewees of Umande and Muhonia. This study's framework is thus instrumental to conveying smallholders' most urgent interests for adaptations to policymakers and decision-makers.
Conclusions
In general, interviewees have an extensive capacity to carry out local prognoses of microclimate conditions. Perceptions of erratic rainfall, drought, frost, and temperature, and an increase in crop and livestock diseases in Laikipia district, are likely to increase further under climate change. The fact that local perceptions can alter over time based on environmental changes and thus cannot be used for long-term planning means that perceptions and national policies could easily complement each other. Local perceptions have the potential to support existing policies to enhance their benefits to smallholder agriculture. Since interviewees are knowledgeable about the measurements and applicability of their identified climatic variables and use their perceptions for adaptations, local perceptions can be useful for understanding local farmers' early forecasts and their adaptations to climate variability. Location-specific policies that integrate local perceptions can be the best climate adaptation investments to help vulnerable smallholders. Since policy-makers use climatic models to determine adaptation options at national levels, they could use perceptions to pinpoint the exact adaptations required by smallholders at local levels by doing ex-ante analysis of their policies.
Finally, a smallholder-centered approach using qualitative methods allows researchers to ground direction for policy and planning in smallholder agriculture. Interviewees' perceptions are critical to present model outcomes of local-based knowledge if national policies and plans are to work for smallholders; this could be applied, for example, to a national policy recommendation to increase irrigation at the farm level (GOK, 2010 ). An interviewee might recognize the adaptation as good enough for commercial purposes but may not be able to make the change because it is not economically or financially feasible. Furthermore, the adaptation may not work where limited water infrastructure exists, as in the case of Muhonia. Therefore, local knowledge can be a reliable source of relevant practices and policies.
